A 75-year-old male was admitted to our hospital because of bile duct stenosis. He had no medical history of autoimmune disease. The level of tumor markers, serum IgG, and IgG4 were within normal ranges. Computed tomography showed perihilar and distal bile duct stenosis and wall thickening without swelling or abnormal enhancement of the pancreas. Endoscopic retrograde cholangiopancreatography showed perihilar and distal bile duct stenosis. A biopsy and cytology from the distal bile duct stenosis suggested adenocarcinoma, and cytology from the perihilar bile duct also suggested adenocarcinoma. A preoperative diagnosis of perihilar and distal bile duct cancer was made, and the patient underwent left hepatectomy and pancreaticoduodenectomy. Resected specimens showed wall thickening in the perihilar and distal bile duct; however, tumors were unclear. A histopathological examination revealed lymphoplasmacytic infiltration, storiform fibrosis, and obliterative phlebitis in the perihilar and distal bile ducts. Immunohistochemistry revealed diffuse infiltration of IgG4-positive plasma cells in the perihilar and distal bile ducts. Lymphoplasmacytic infiltration, inflammatory change, storiform fibrosis, and obliterative phlebitis were shown in the pancreas. A final diagnosis of IgG4-related sclerosing cholangitis (IgG4-SC) with autoimmune pancreatitis was made. We herein report a case in which a preoperative diagnosis of IgG4-SC was difficult due to normal serum IgG4 levels and no obvious pancreatic lesion.
Resected specimens showed wall thickening in the perihilar and distal bile duct; however, tumors were unclear. A histopathological examination revealed lymphoplasmacytic infiltration, storiform fibrosis, and obliterative phlebitis in the perihilar and distal bile ducts. Immunohistochemistry revealed diffuse infiltration of IgG4-positive plasma cells in the perihilar and distal bile ducts. Lymphoplasmacytic infiltration, inflammatory change, storiform fibrosis, and obliterative phlebitis were shown in the pancreas. A final diagnosis of IgG4-related sclerosing cholangitis (IgG4-SC) with autoimmune pancreatitis was made. We herein report a case in which a preoperative diagnosis of IgG4-SC was difficult due to normal serum IgG4 levels and no obvious pancreatic lesion. 
Background
IgG4-related sclerosing cholangitis (IgG4-SC) occurs mainly in elderly patients in association with IgG4-positive plasma cell infiltration of tissue, leading to fibrosis of various organs, such as the pancreas, salivary glands, bile duct, and retroperitoneum [1] . IgG4-SC is often accompanied by obstructive jaundice due to bile duct stricture and is usually associated with autoimmune pancreatitis (AIP) and elevated serum IgG4 levels [2] . It is important to diagnose IgG4-SC before surgery to avoid any unnecessary surgical resection because steroid therapy is effective in these cases [3] . However, IgG4-SC is difficult to distinguish from bile duct cancer if the serum IgG4 levels are normal and pancreatic imaging findings are absent.
We herein report a case in which a preoperative diagnosis of IgG4-SC was difficult due to normal serum IgG4 levels and no obvious pancreatic lesion.
Case Presentation
A 75-year-old male visited another hospital because of jaundice. Computed tomography (CT) revealed intrahepatic bile duct dilatation. He underwent endoscopic retrograde cholangiopancreatography (ERCP) and received an endoscopic retrograde biliary drainage tube in the common bile duct (CBD) for the distal bile duct stenosis.
He was then referred to our hospital for a further inspection and treatment. He had a history of treatment for bladder cancer. He had no medical history of autoimmune disease. On a laboratory examination, the serum levels of total bilirubin, alkaline phosphatase, γ-glutamyl transpeptidase, and amylase were within normal ranges. The levels of the tumor markers carcinoembryonic antigen, carbohydrate antigen 19-9, S-pancreas-1 antigen, and DUPAN-2 were also within normal ranges. An immunological examination revealed that the levels of serum IgG = 966 mg/dL (normal range 870-1700) and IgG4 = 78.6 mg/dL (normal range 4.5-117) were within normal ranges as well (Table 1) . Perinuclear antineutrophilic cytoplasmic antibody, antimitochondrial antibody, and antinuclear antibody were negative.
CT showed perihilar and distal bile duct stenosis and wall thickening without swelling or abnormal enhancement of the pancreas (Fig. 1a) . Magnetic resonance cholangiopancreatography showed perihilar and distal bile duct stenosis, but the main pancreatic duct was normal (Fig. 1b) . Fluorodeoxyglucose positron emission tomography showed a slight uptake by the distal bile duct (maximum standard uptake value: 3.7). No other sites, including the perihilar bile duct, showed any FDG uptake. Intraductal ultrasonography showed circular-symmetric wall thickening at the perihilar and distal bile ducts (Fig. 1c, d ). ERCP showed perihilar and distal bile duct stenosis (Fig. 1e) . A biopsy and cytology analysis from the distal bile duct stenosis suggested adenocarcinoma, and cytology from the perihilar bile duct also suggested adenocarcinoma.
Based on these findings, a preoperative diagnosis of perihilar and distal bile duct cancer was made, and the patient underwent left hepatectomy and pancreaticoduodenectomy. The resected specimens showed wall thickening in the perihilar and distal bile ducts; however, tumors were unclear (Fig. 2a, b) .
A histopathological examination revealed lymphoplasmacytic infiltration, storiform fibrosis, and obliterative phlebitis in the perihilar and distal bile duct (Fig. 3a, b) . Immunohistochemistry revealed the diffuse infiltration of IgG4-positive plasma cells in the perihilar and distal bile ducts (Fig. 3c, d ). Lymphoplasmacytic infiltration, inflammatory change, storiform fibrosis, and obliterative phlebitis were shown in the pancreas (Fig. 3e) . Immunohistochemistry revealed diffuse infiltration of IgG4-positive plasma cells in the pancreas (Fig. 3f) . A final diagnosis of IgG4-SC with AIP was made based on the histological and immunohistochemical findings.
The patient was discharged from the hospital on the 39th day after surgery. He has remained well for 3 months since undergoing surgery.
Discussion
IgG4-related disease is a fibroinflammatory, multiorgan condition of unknown etiology with commonly shared features that include elevated serum IgG4 concentrations, tumefactive lesions, storiform fibrosis, and dense lymphocyte and IgG4-positive plasmacyte infiltrates [4] . The disease usually responds well to steroid therapy [4] .
IgG4-SC is often accompanied by obstructive jaundice due to bile duct stricture and is usually associated with diffuse pancreatic enlargement or pancreatic mass with autoimmune pancreatitis. In patients with IgG4-SC, the serum IgG4 levels are often elevated. In 2012, clinical diagnostic criteria for IgG4-SC were proposed in Japan [5] as follows: (1) characteristic biliary imaging findings, (2) elevated serum IgG4 concentration, (3) coexisting IgG4-related disease except for that of the biliary tract, and (4) characteristic histopathological features. The present case showed stenoses of the bile duct but no elevated serum IgG4 concentrations or abnormal imaging findings of the pancreas. Similarly, some previous IgG4-SC cases were also reported to show no elevated serum IgG4 concentrations [6, 7] or no abnormal imaging findings of the pancreas [8, 9] ; it is therefore necessary to diagnose IgG4-SC carefully. Nakazawa et al. [10] classified IgG4-SC into 4 types when making a differential diagnosis based on the cholangiographic features: stricture located in the lower part of the CBD is type 1, stricture that is diffusely distributed in the intra-and extrahepatic bile ducts is type 2, stricture distributed in both the hilar hepatic region and the lower part of the CBD is type 3, and stricture of the bile duct in the hilar hepatic region is type 4. Type 3 and 4 IgG4-SC may mimic bile duct cancer and can therefore be difficult to differentiate. The patient described herein was a case suspected of being type 3 IgG4-SC; however, we diagnosed him with bile duct cancer because the brushing cytology of the bile duct revealed findings suggestive of adenocarcinoma.
Regarding bile duct brushing cytology for the diagnosis of carcinoma, the reported sensitivity of the technique for carcinoma has ranged from 35 to 75%, and the specificity has ranged from 89 to 100% [11] [12] [13] . The diagnosis ability of bile duct brushing cytology is limited. Therefore, if suspected malignant cells are obtained from the bile duct stenosis site, the imaging findings should be rechecked, and the cytology and biopsy should be repeated to confirm the diagnosis.
Regarding the treatment of IgG4-SC, the disease usually responds well to steroid therapy. In the clinical diagnostic criteria for IgG4-SC, the effectiveness of steroid therapy is an optional additional diagnostic criterion to confirm the accurate diagnosis of IgG4-SC [5] . In the present case, to avoid delaying treatment of bile duct cancer, we did not administer steroid therapy. Moon et al. [14] conducted a 2-week steroid trial and subsequent assessment of its response, with findings suggesting that this therapy may be helpful in confirming the diagnosis of atypical imaging for AIP. Therefore, short-term steroid therapy should be considered in patients suspected of having atypical IgG4-SC.
In conclusion, IgG4-SC is difficult to distinguish from bile duct cancer if the serum IgG4 levels are normal and pancreatic imaging findings are absent. If IgG4-SC is suspected, we therefore should diagnose it carefully by a repeated biopsy or short-term steroid therapy to avoid unnecessary major surgery.
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